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ABSTRACT
[Condsdostial]

Becausy ol the increasing interest in the wse of hydrogen peroxide
222 pronslisnt ita decompnaition by wilver has been studied in the liquid
phase. A veory high purity peroxide served nis the reference poist in
® wi. r..'ned to evaleate the role of cortain inorganic materials ia
thr ,ecom,” ~\tion reactioma. The rate of decompasition and the catalyst
loss were found to be altoved Dy minute amounts of phosphais, stanmate,
or aluminum fons. The efioct of tia was subject to sging, -so-that e
lalluonce was avpiigitls cous day after {t was added to e moramide,
Aluminem increased the ~turting activity of the afiver catalyst as ~vell
48 its solution rite. These sffects wore cbarrved st concontrations of
alumirum below 0.5 mg/1 but were not in( *eased by releing the alumi.
will concentration above this vaive. The increseed silver loss duwe o
the presence of slumisem was moderste. When phosphate fon was sdied
to hydrogen peroxide, (e activity was incressed. With coacentrutione
above 2 nig/), an inhibiting resction wmasked this iacresse and the decom-
position rate becsine siow. Phoaphats sharply magnifiedt the amount of
sllver that dissolved in the psroxide sample. The catalyst efficiency
was cut by a {actor of S0 at & phosphate concentration of 4.0 mgA.
Attempts to control the undesirshle infloence of phosphtie showed tha.
addition of tin was partially effective. Addition of slumisum fome oO¢
ndjustment of the spparest pil to higher values were less satisfactory
menns of partially cosnterseting the effects of phosphate. Se'fate and
nitrate ions did not alter the catalytic decomposition behavior in these
laberalory studiss. With reapect to the sulfate iom, the ressits ia the
laboratory evaluator differ from the ; ~suits obtained in eugine operation,
since sulfnte salts deposit iu we cstalyst bed of the rocket chamber,
therehy Aecreasing propeliamt flow,

PROBLEM STATUS
This i3 an intsrim report om this phase of the problem; work on the
problem is continuing.
AUTRORIZATION
NRL Problem C01-0%

1 rojects NR 470-000, Task NR 470-003, and NA T70-3170
Beresw No. TED-KRL-81-301

Manuac ript submitted February 10, 1948
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THE ROLE OF INOROANIC CONTAMINANTS IN THE
CATALYTIC DECOMPOR'TION OF WYDROGEN PYROXIDE
[Unclansitied Titie]

NTRODUC TION

Becawse of its verastility, hydrogen percxide is an attractive source of power {nr a
variety of miasile and sircraft applications. Its uas in gas generators was ploneered by
the Qermans ia their V-3 rochet program and similar turbine drives save been adapted to
American rockets such "« = V"' ¥iking. Nigh streagth peroxide may be sslected as the
fwel for a mon \rruonsl L ru <ty the requirement of mechanical simplicity counter-
bulances the meer far i gh perforwance. Thus the suxtiliary power for a Navy helicopter
{wnainm of three small hydrogea psraxide rockets situated in the tips of the rotor bisdes(l).
Intermittont thrust can be attatned with this compact system since the Now of the Iiquid
propellant can be sasily started, stopped and started agais.

Large volume wees of high streagth peraxide have cowtered around the development
of bipropellast rocket engines for massed sircrafi. The requirements of some rocket
systems makv peroide preferable io either liguid axyges or nltric acid 2 the omidizer.
The World War [1 experience of the Qermans with the Mesnerschmidt 163A experimental
rocket plane proved the feastbility of the peroxide and “C-8toff** propeliant combimation
(3). The dovelopment of the hydrid *jet-rezhet” concopt {or airplanss has created ancther
demand for rochet fwels. For this new soncept ia intercepior aireralt, Baxter coiwidered
high streagth rerowide the most desirable oxidiser becoune of it good denstity impulase and
moderote combustion temperature (3). This viewpoint has besn supported by the Durven of
Aercasutics which plans 10 witlise 0% hydrogen peroxide ia their ‘super-poricrmance”
sireraft (4),

In monopropeiiast and gus guaerator applicatious of hydroges peronids where power
ia derived solely from decompusition processes, 8 catalytic eeans has boea regutred to
maistatn 2 high decomporition rate, With the caception of the peroxide sad “C-3toff”
combiaation, catalysts have 8leo been wed where combustion of & feel willises the oxygen
derived (roms hydroges peroxide. In & Mpropeiiant sagiae, peroxide is decomponed by &
catalyst to oxygen and steam with considersble evointion of snergy. The resulting bot
mixture of cteam and oxyges readily ignties a fusl on cemtaci. Thes, in e productios of
power {rom hpiroges percxide, a cataiyst is normally smployed to effect a high rate of

docomponiiion.

A great samber of inorganic substances have buca recognised me catalysts for peroxide
deocomponition (6). Many metals or thetir salts have beca tested in rocket work and have
gives satisfactory performance. BDecaust of Its hig) decomponition sctivity and efficiency,
ity ready fabrication, and its good behavier st eleveted tompersiures, silver hus boea the
catalyst of choice ia most of the sewer spplications of peroxide. Although this cloment has
generally boen aa outotanding catalyst, cortain difficuition have boon associnted with i9
e ia some development programa, In practies, the wnsitisfactory performance chaerved

eC-nuir" wae the German code word for & minture of 0% hydrasine hydrate, 37% methyl
alcohel, and 1 9% water.
L )

"The rhoice o FON raaher iham seme wileT (PRcITalisn sepisea
such factors as performance, ssee of manulacture, and freaning point
AR !
® ® ] ® e e
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has beei due to a short lifetime for the catalyst bed. The -easoms {or poor behavior whirk
inay be interdependent, are (a) a build-up of depusits on the screens of the catalyst bed
which decresses the {low rate of peroxide and (b) decressed catalysl ectivity which results
in Incomplete decompositica.

The alivir r2* yvt u3°d in many engines has been prepared by silver-plating a wire
screen [abricated from pome baser metal or alloy. The piated msaterial s then subjected
to an activation procedure designed to increase its efficiency. The preparation of the
catalyst bed invanlves many variables, particularly in the plating procedure, and rigid con-
trol is required 1o produce a consistently good product. Indeed, Irryguiarities in the silver
catalyst have been responsible for the poor performance in some of Lthe engine development
work. However, wide variations in behavior have siso been encountered when the same
catalyat hed .= b~ ur.¢ with different batcher 1 peroxide. For thia as well as other
reasugs A ciae cones o iat contaminants in the peroxide have a deleterious effect on
eneing [ ormance.

The $0% puroxids used In rockets is dorived {r>m ower concenirations by 3 double
distiliation under vacuum. This processing affords a high quality product which resdily
meets the older per~xiie spacification, MIL-H- 160058, 11 February 1953, which wasn In
eftact at the time the present work wus started. * The principal criterion of impurity
level In this specification is the eveporation residue, which measures the sum of the non-
volatile material in suapension, in collokial solution, and L& true solution. The maximum

allowable residue is 20 milligrams per liter, a value which has not beent unduly restrictive,

Nevertheless, many peroxide samples with evaporation residuves leas than this value were
not suitable for sngine operation. Therefors, eftarts were made to correlate the type of
Impurity with performance. For instance, light .icattering studies were uied in order to
see if the quantity of colloidal matwrial were causing the poor performance (8), s check
for tofal losic impvrities was made by wsing conductivity measurements, and the upparent
pH was utilized to detect any abnormal acidity or alkalinity in those peroxide samples
which gave poor performance (7). When these approaches bore no fruit, a search for
specific cliemical ions and compovnds was hegun. Chemical analyses were made for a few
inorganic materisis whuse presence ia perogide was swapecisd (7). The evaporation
residues were saamined by slectron microscopy and electrom diffraction (6). These

attempts also [ailed to produce & worth-while lead to explaia difterences in peraxide samples.

In view of the seeming imability fo correlate motor behavise with some physical or
chemical measurement, attempts were thes mede to develop laboratory scale performance
tests which could single out poor peroxide samples and thus eliminate the nead for » full
scale motor test prior to acceptance of a batch of hydrogen peroxide. A static evaluator
was developed at this Laboratory, and the Becco Chemical Diviaion of the Food Machirery
and Chemical Corp. developed 2 flow system, the *Low Preasure Evaluator,” whic!. could
be used {or comparing peroxide sr nples or catuiyst screens. Both evalurtors wers
designed (0 measure the decomposition rate of hydroges psronids and to detect changes
in the catalyst. Results obtained through the wse of both of these evalusiors ca production
samples did revesl differences ia the catalytic decomposition behavior (8,9). Some sam-
ples which had been found to be unsatisfactory {or engine uso were shown to sttack the
silver catalyst with undue severity. dissolving it at an abnormslly high rate.

*A new specificatiun for hydrogen peroxide over 32% concentration, MIL-H-16005C,
10 September 1954, defines maximum impurity limits for saveral ions, wieress MIL-H-
1600% 8 specified only the limits on concentration, evaporation residus, and stability.
The limite sel for some inorganic materials sre not eutficientiy stringent to permit
purchase of hydrogan peroxida far rocket engines under this recent specification

&



COMFIDENTIAL, NAVAL RESEARCH LARORATORY

i

The unpredictzble occurrence of bad peroxtde batches suggested an alternate approach
to the problem. This involved the addition of def/inite aprounts of inorganic compounds to
a good Quality production sampie. Tests were then madée on this dnctorwd sample in the
sintic eralustor to note any changes in the catalytic decomposttion phenomens. Certain
additives were found to aiter either the decompoaition rate, the silver nolution ratle, or
both (10). Phosphate. aluminum, und stannate {ons were particsiariy noteworthy in their
effects. Although definite trends were obaerved in these studies, 1 given additive did not
exhibil Mentica) behzvior in sl) atock samples. This was becsuse these production samples
had significant amounts of phusphate or aluminum and vaknown smounts of other possible
critical tona. Thus, the effect of an sdditive c(vid Aot be determined precisely because of
its apparent interaction with impuritiss alresdy present tn the cample.

To achieve & more definitive answer it was necassary to obiaia truly high perity
hydrogen peroxide. Fortunstely, such a msierisl becsme availsble from the Becco Chem-
fcal Division, which produced s peroxide up to #5.% concentrstion by a partisl {reesing
process (11). This high grade material bas been used as the reference point for the con-
taminant program detcribed iIn this repor:. The eariier static evaluator studies were
repested, refined, and expunded. Aging phenomens and interactions between two or more
sdditives were also examined.

The Lformation presented is this report comprises the contridbution of this Laboratory
to the Buresw of Aercaautics “crash program’ on hydroges peroxide (4). The experimentsl
work of this cooperative sffori izcluded rocket ungine tests, laboratory perfo-mance teats,
and analyses for contaminarts. It was designed L0 determine the peroside quality needed
in 2 motor by actual engine lests and to assess the reliability of ‘aboratory tests for pre-
dicting the engine requirements. The witimate goal wns to define & cpecification for hydro-
gen peroxide for wee in t.p “super performance” sircraft. Poor batches of peroxide couid
then be detected by chemical analysis and physical measurements,

EXPERIMENTAL DETAILS
Apparatus

The static evaluator developed 2t this Ladboratory was designad to compare the liquid-
phase decomposition rate of peroxide sampiss on » standard cstalyst, Thus it attempts to
simulaty the decomposition in the taitial portion of & catalyst bed of a2 rocket where the
temperature is beiow the botling point of the peroxide. It incorpocates some of the (eatures
of » reactor used by Meggs (13). A small length of silver wire was chosen as the cataiyst
since chaages ia its weight could be followad periodically during a ren. Pure silver waa
chosen 1o eliminate the variables sasocinted with the preparation of a plated and activated
catalyst. The diameter and length of the wire were srbitrarily set at 0.020 iach and 2.0
contime’ers. As shown in Fig. 1, the zatsiyat i supported ia the paroxide sample by s
Teflon holder. The lutter fits om a giase rod sttached 10 the cell heed.

The sample i= stirred by » magnetic stirrer aad its tompersture 16 reguiated by the
flow of water in the surrouading jecket. in @cat of the exseriments & §0.0-al sample wis
used a3 the temperature was maintatned at 60 27°C. Gince hese studies were rvstsictad
to temperatures below the bolling point of water, the water formed by peroxide decom-
position is retaised in the liquid phave. Thus, the peroxide ia gredually diluted during a
me. The oxygen produced in the decomposiiton in measured by the wet test meter and
this messurement becomes s convenient index of the rate of decomponition ard the activity
of the catsiyst. Complete decomposition of the 50-mi sampie of 90§ H, O, weed affords 20.4
liters of oxygen st STP. HMawever, the low rates of oxyges evolution normatlly emcountsred
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at the lower peroxide concentrations dictated
. the termination of 2 run before the aample was
r —] completely decompoued.
s B / " Seay Two gas washing traps were inseried
e20UwD / W eten between the cell and ihe =at test mater. These
‘tof"' ) served the purposes of removing any dropiets
o ! of peroxide which might be swept out nl the
) coll and of inmuring e saturstion of the oxygen
v T with water vapor. Peroxide concentration
¢ " throughout 8 run were calculsted from the
__m: amounts of oxygen evolved, ssitabie curiections
Ne » M LEVEL being made {or the water vapor present, and
“7 i the variations of temperature snd pressure {rom
‘ | susndard conditions.
A
L Materialn
s__CI:J__, J"
I A {ew preliminary studies wers conducted
with the 99% peroxide made available by the
Fig. | - Static evaiuator for the Becco Chemical Division. Por tests at 90%,
« atalytic dscomposition of hydrogen this material was diluted with detonized water
B e et oupie et furnished for this prpose by Bacco. The
for control of cell temperziure; D, quality of this super-pure $0% hydrogen per-
Teflon covered magnet for stirring: oxida® 1 indicated in Tabdle 1. The most
F., jacket tar regulsation of cell tem. rellable mesaurement of ita purity ia the ape-
perature. cific conductance since the precision of the

ans!ytical methods for aome of the lous at

these low concentrations can he questivned.

Comparison of the value of 2.2 x 10~* ohms™*

cm-', which is 1/4 ‘0 1/8 that of commercia

90% peroxide, with that of 2.0 x 16* ohms ™'
em™" found by Schumb for 90% peroxide highly purilied by laborstory methods (13) shows
that the SP-90 has at most only minute amounts of lonlc impurities. The specific conduc-
tance of $P-99 (0.49 x 10™* ohms™'em"') aiso compares iavorably with the lowest vilue
(0.89 x 10°° ohma~'cm™' ) reported for 99.9% Lydroges peroxide (14). Siace hydrogen
peroxide, like water, is slightly lonised even in the pure state, the sbeoluis vaives for
specific conductance are protabiy not too different {rom thoas given sbove.

The concentrations found for sulfate and nitrate ions in SP-90 as shown in Thbie 2
are believed to be too high. The conductivity of SP-90 is influvenced markedi> by the
sddition of sither sulfate or sitrate saits in smsll amounts. The speciic conductance «
SP-90 1o which 3.0 mg/1 of suifate had been added was found to be increased by 8.8 x i0°*
ohms-'‘cm~* while that for BP-90 eonteining 1.7 mg/1 of added aitrate was increesed by
2.6 x 10°° ohms ' em™'. Siace hoth of these values sxceed the measured conductance of
SP-90 without additives, it seemms that the sulfate and nitrate analyses were srronecus.
Such a premine would be resdily scceptable in the case of the turbidimetric analysis for
sulfate, The snalyticsl redvits for this lon i1a S3P-90 were characterised by extrenwly
poor preciaion even though snwme consistency was (ound for aquecus suliaie standards.

*Mareafter this material is reforred to as SP-90. the uadifuted paruxide as ST-T)

'A recontly developed snalytical methed for the determination of sulfate concentration in
hydrogen peruside in considered 1o ba & much more sccurate metihod (1%). The suifate
content of a sample of SP-90 (not the sne used in thie study) was found to bs 0.24 mg/!
by this method.
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TABLE !
Analyses for SP-90*
.| Concentration cf lon
Contaminant (mg/1)
Phosphate 0.12
Aluminum 0.08%
Sulfate 3.0
Nitrate 1.7
Tin' -
Apparent pH +0.2
Specific
Conductance | 2.2 x 10™ ohms ™ ‘em”’

*Sue the Appendix for analytical methods

"ﬂn occurs in peroxide when stannate is
added as a stabilizer. SP-90 contained
no stabiliger.

It is somewhat more difficult to refuty the validity of the nitrate ar.atlvsis. Its precision

was +0.3 g/l and tts accuracy has been verified by determinations in which imows amouats
of nitrate were added to peroxide. In the fuce of this dilemma, {1t {s proposed that the analy-
sia was corrsct dut thet some of the nitrogea which is detected us nitrate was precent In

an unionined form prior to the anslysis. Although some of the anaiytical results ave
questioned, it certainly must de conclunded that the quality of the SP-90 ia high.

The chamicals chosen for the sdditive program were sll water soluble and were ACS
Roagent grade. To offect an addition, & deflinite amouwnt of a dilute aquecsa solution of the
compound of tnterest was added to a2 knowa quanstity of perowide. The strength of the squecus
s¥fitive solvtions were such thet the decrense in peroxide concentration would be less than
1% for the highest concentration of any additive wsed. The stlis added and the concentirations
uned are lisisd in Table 3. The specific s2lts weed were chosen such that the tons of opposite
charge to the oass of interest would sot interfere with the decomposition as demoustrated
by thelr inertness when presont sa the sodiven or other saite.

The XMgh purity peronide was obtainsd and stored in Pyrex giass and polyetiylece
boities to insure that ateminem contamisation did act occur during storsge. The polutions

of additivea and the peroxide samples prepared ! v aging tssts were kept in poiyethylene
bottles.

tn the vtedie< of siiver erosion the catalyst holder was removed periodically during
esch rusm 50 that the wire could be examined and weighed. The rate of solution of silver
could then be determined as a function of the extent of decomposition of the peroxides.

CONPIDENTIAL
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TABLE 2
Compounds Used in A4ditive Program
o Compoun A@m'sﬁ:m:ngim
PO, !disodium phosphate dodecahydrate 0.62%
Sn sodium stannate trihvy*rate 1.2%
Al alumtnum sulfate octadecahydrats 0.825
S0, sodfum suilfate 2.50
NO, |sodium nitrate 2.50
Lt lithium suifate monchydr ite 0.123
Ca caleium nitrate tetraavdirate 0.23%
Mg magnesium sulfate heptahydrate V.25
Ba barium nitrate 1.2%

CATALYTIC DECOMPOSTTION BEHAVIOR
OF HIGH PURITY HYDROGEN PLROXIDE

The decomposition rate of 8P-90 on silver is fllustrated slong with that for 3P-99 in
Fig. 2. 1t shouid be noted that tor a considerable change in concentration the decomposition
rates were very low. A:s will be mentioned again ister, they are lower than those observed
for any commercisi 94 peroxide samples. Aiso important is jhe fact that the decompo-
sition rate increased as ‘he concentration of peroxide decreased. This feature is not
ncvel for catalytic decomposition of high strength peroxide on silver, but it is unusual in
the light of most chemical kinetic experiencs. In agreement with the above observations,
the starting activity for SP-99 was slightly less than that for 8P-90.

The catalyst weight osses {or 8P-90 and SP-99 were the lowest chserved (n the static
svaluator for any peraxide sampie. It s seen in Fig. $ that for most of the run'the siiver
loss for SP-90 closely follows the onygen evolution. This behavior, which has heen typica)
of eartier work, was not exhidited by SP-99 for which the loss accelerated during the run,
When the peroxide concentration dropped to sbout 309 (13.8 itters for BP-00 and 18.0 liters
tor SP-99) the silver solution rate decreased sharply. it is also seenin Pig, S that as the runs
continued bayond this point the catalyst began to gain weight. Examination of the catalyst
showed that this gain was accompanied by the appearance of & rough white coating which
rasembled » normsl matte silver plate. Concurrently with the redeposition of silver on
the wire, the peroxide sample itsell became turbid, This ¢loudiness was due to catalytic
decompoaition occurring on smaii particies of silver which had formed snd were suapended
in the solution. Since the solubility of the siiver compound formed by resction with peroxide
decreases with a decrease in hydrogen peroxide concentration, the limit of siiver solubllity
was exceeded as the concentration fell. The sliver took the tvo forms referred to above
as it left the solution. —~ plating on the catalyst and smsil particles In the solution. The

CONFIDENTIAL
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Fig. 2 - Decomposition rate for SP-90 and SP-99 (2.0-cm length
of 0.020-inch silver wire catalyst, 50-ml sample a: 66°C)

SiLvER LOSS WG

olas ! I | " 1 L1
k] ? . 3 [ [ I3 L) e ] ] 0
VOLURE OF ORYGEN EVIALVED (LITERS)

Fig. 3 - Silver loes for <I°-90 and SP-99 (2.0-cm length of
0.020-inch silver wire catalyst, 50-ml sample at 60¢C)

increased catalyst surface which became available dwe 10 the generation of the particies
sharply increased the decoxiponition rate and the runs had to be monitored closely st this
point ia order (o preveat a runeway temperaiure rise. Normally a rum would be stopped
prior to this ninge since tha unlmown inrrease in ratalys? ars: Touid invalidats e data,
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In the catalytic decomposition of SP-90 the silver 1oss and the starting activity were
less than those found for any $0% peroxide produced by normal commercial methads . It
was felt thal the low values for whesc properties were due to the absence of certain mate-
rials since the SP-90 was 2 particularly pure peraoxide. Hence the conciusion rerched
earlier on the basis of Its conductivity that SP-90 is a high quality product is supportc:’
by the catalytic decomnosition beharior,

The effect of sample temperature cn the catalytic decomposition phenomena was
studied. Although a general trend was found for the relationship of temperature to ctarting
activity, the trend was the reverse of that expected. As shown in Fig. 4, the starting rate
for SP-90 at 20°C was higher than that ai 40°C, with the rates st 60°C and 83°C falling to
still lower levels. The maximum rates at the four temperatures were similar; however,
these maxims were reached progressively sarlier as the temperature was lowered. The
silver loss wa. also dependent upon the temperature of the peroxide. This is Illustrated
in Fig. 5, where the amount of catalyst lost is plotted against the volume of oxygen pro-
duced. The amount of silver dissolved decreased as the temperature was raised.

ceo .-

.

I
. (5] (1] 30 0
CONCENTRATION OF wYOROOEN PEROTIDE ‘SERIEINT,

Fig.4 - Effect of sample temperature on decomposition rate of SP-90
{2.0-cm length of 0.020-inch silver wire catalyst, 50-ml sample)

It has been shown that the liquid phase catalytic decomposition of SP-90 on silver has
two unusual aspects, namely, the decrease in starting decomposition rate as the temper-
sture is increased and the incresse ia activity as the peroxide concentration decresses.
The 8P-80 peroxide is not unique in these respects, but because of ita high quality, this
unusual behavior Is more pronounced. The explanation advanced by Beard and Smith (16)
for these phenomena is that under cerfatn circumstances, & gusecus film enc!~es the
catalynt. Such a fiilm effectively reduces the peranide-catalyst contact, thus 1owering the
apparent activity of the catslyst. A more detailed description of this problem will be

_____ 2 o a8 -8

defercet to the discusaion seciion of this repori.
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Fig. 5 - Effect of sample tempersture on the
suver loss is SP-90 (2.0-cm length of 0.020-
inch silver wire catalyst, 50-ml sample)

STUDIES ON MATERIALS WHICK ALTER
THE CATALYTIC DECOMPOSITION

Becanse the SP-20 is such a2 pure meterial, it can be wsed a8 & valid starting poiat
for the evilvation of the effect o ~dditives on the decompusition properties of hydrogen
peros ide. It has been reported that the addition of phosphaie, sleminum, or tin caa alter
the decomposition phenomena of production samples (10). Stace these three materisls are
important with regard to the stabllisiag a.d storing of peroxide, their iafluence on the
silver solution rate and the catalytic activity were thoroughly investigated.

Phosphate
The pyroghosphas 108 is widely used to tahibit he desompssitiss rals o hjdrogea

peroxide in storage. Such a stabiliser, although not necessarily sdded to the #0% peroxide
for rocket use, could be picked up accidentally from pumps, pipe |ines, and storage tanks
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used (or

all grades of peroxtde. The chewmicai species which pyTophosphate assumes in
90% peruxide is not known. It is known that equivalent amounts of phoaphorus added to
peroxide as either pyrophosphate or orthophosphate produce comparable effects on the
catalytic decomposition in an engine (17). From this it can be concluded that one of these
phosphate lonr IS cunverted into the other or that an equilibrium mixture of the two occurs.
Since these two are equivalent in this respect, the present study war nade with ortho-

phosphate.

11 earlier work at this Laboratory. it was observed that phosphate increased the decom-
rosition rate and the amount of silver dissolved (10). An apparent inhibition was also found
at phosphate concentrations in the range of 2-4 mg/i. The behavior in different samples
was not consistent, however. In particular. the decomposition rate exhibited considerable
varistion among different stock samples even though their phosphate concentrations were
the same. [t was thought that this was a result of the presence of other contaminants in
some of these samplex. The prrsent study using SP-90 has clarified the picture and the
role of phosphate can now be detailed accurately.

It can be seen from Fig. 8 that phosphate sharply increased the rate of decomposition
A SP-90 in the initial portion of a run. The amount of the Increase was dependent upon
the concantration of the additive, but the maximum starting rate was attained at a concen-
tration of 2 mg/l and the trend in the activity was revers d «\ higher concentrations. At
the higher phosphate concentrations, It has been found that the activity remains low through-
out the run. This Is in contrast to the behavior of SP-50, which showed an lncreasing
decomposition rate with . decreasing R O, concentration. Figure 7 {llustrates vividly
the effect of phosphate acdition on surtln. activity,
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CONCORTRATION OF nvPROSED PERCXIDE (PUfCINT)

Fig. 6 - Effect ui phosphats on the d positicn rate of
SP-90 (2.0-cm leagth of 0.020-imch silver wire catalyst,
50-mi sample st 60°C)

The effect of phoaphate added to SP-90 on the loss of silver from the wire catalyst
Was also spectacular. Nowever. the reversal ia rata which waa found for the setivity did
not occur, Figure B shows that the silver loss was close to a ilnear function of the phoa-
phate concentration. The extent of ailver solution became extremely high at 4 mgA.
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Studies 2t MIT on the sllver
the soludility of silver was decrensed wh
the addition of alkall might

SP-90 coatataing
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cataiysi ioss couid be achieved fien for peroride samples containing phoaphate. Tha wari.
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atton in the solution rete as the apparent pH wan increased is depicted in Pig. 9. A slight
decrease in silver lons was found as the apparent pN was rilsed to about 2 but above this
value the decrease waa accelerated. The sdjustment of the pH also affects the storage

stability of hydrogen peroxide and, undortunately, the quartity of alkall necessary to redrce
the silver loss sufficiently sdversely affects the gtadility. Therefore, this means of nulll-

{ying the phoaphate {nfluence appears to be of no value ior practical appiication.

Aluminum

The importance of aluminum (n the present study lies ia the fact that most containers
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Fig. 9 - Effect of pH on the nilver loes durin
the decomposition of SP-90 from 90% to &

{2.0~cm length of 0.020-inch silver wire cata-

lyst, 50-ml sample at 60" C)

for shipping and storing hydrogea peroxide are fadricated {rom aluminem or its alloys.
Although aluminum is highly resiatast to peroxide, it is conceivable that smatl amounts
could be picked up {rom these containers. Earlier studies ia which production samples
intcated that e prasence of sluminum in the peraxide did not alter the

WETe Bsed had

catalyst loss but a.d increase the decomposition rate (10). The present ~vork ahowed that

very small amoun' of aluminem tncressed both the decomposition rate .. 3P-50 and the

solut un rate of the <!iver catalyst. Although these phenomvua were observed st aluminum
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concentrations up to 0.5 mg/1, no significant change was observed above this value. The
data for the starting activity plotted in Fig. 7 and for the silver loss plotied in Fig. § show
the magnitude of the aluminum effect and the leveling off encountered sbove 0.3 mg/1. The
decompoaition rate in the plateay region was about six times that of SP-90 while the maxi-
mum silver loss was only four times that of SP-90. A comparison of the influence of
aluminum with that of phoaphate on the cataiytic decomp #ition phenomena shows that the
maximum decompoaition ratez were about the same but that phosphate was muck more
detrimentnl than aluminum with respect to silver loss.

Tia

Low concentrations of stannate are sowretimes added to 90% peroxide to increase its
stebility im storage. Previous work showed that tia :1ight he detrimental v the catalytic
decomposition of peruxide since it increased the amount of silver dissolved and seemed
to cause some imhibition st low peroxide concentrations (10). This behavior, as well a8
an increase in starting activity, was verified for 8P-90 to which tin was added. However,
as a somple of SP-90 containing tin was aliowed to age, these phenomena became less
pronounced. Ia fact, 24 hours after addition of as much as $.0 mg/1 of Uin, the catalytic
deconposition behavior could not be differeatiated {rom that of wndoctored SP-90, The
change in stariing activity with time is depicted in Fig. 10 while the aging rate 8s messured
by the siiver loss is shown in Fig. 11. The exteat of silver solution decreased slightly
faster thaa the decomposition rate. The apparent plil exsrted a slight control over the
rate of sging. Thus at a pN of 1.3, the effects of tin were apparent for a longer storage
poeriod than at a pll of 0.95. It is seen in Fige. 10 and 1] that the differences were quite
soall,
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Fig. 10 - Effact of aging time ou the starting activity of SP.90
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Fig. 1} - Sllver 1oss ve aging time for the cataivtic
decomposition of SP-90 {rom 90% to 80% (2.0-.m
length of 0.020-inch silver wire catalyst, 50.mil
sample at $60°C)

STUDIES ON MATERIALS WHICH DO NOT ALTER
THE CATALYTXC DECOMPOSITION

Two common anlons, suifate and aitrate, were included in this study although previous
work had indicated that they were not purticipating in or altering the catalytic decomposi-
tion of hydrogen peroxide (10). Sulfuric and aitric acids sre widely used chemicala and
trace amounts of sullste or aitrate iome might be picked up during processing, transfer-
ring, »r storing of psromide. Rither ucid might be used to adjust the pl during the manu-
facturing process and both have been investigated as pickiing agents for aluminum storage
contsiners. Bulfate is an lntegral ™art of the slectrolytic production system. Nitrate
could easily ba formed by oxidation ¢! any nitrogen-containing material introduced laten-
tionally or accidently into peroxide. These considerations supported the need for
re-defining the roie of sulfate and altrate.

The results of the present work seing 8P-00 confirm the concluosions of the eariler
work. The additions were made to give concentrations of either lon up to 20 mg/l. No
anomalies were cbeerved in the catalytic activity or the silver loss at this concentration
or at the lower concentrations studied. Thus it was concluded that both fons were entirely
tnnocuous, at least in this stedy on the liquid phase decomposition,

BENAVIOR OF PEROXIDR SAMPLES
CONTAINING TWO OR MORZ ADDITIVES

fince commere! 0% puraxide might be expected to contain more than one contam-
nant, stedies were uiade with SP-90 comtaining two or more of the prodable impurities.
In particular, combinations of stanmate, phosshate, and alvminem, each of which affect
the allver catalyzed decomponition, were investigated. Also a brief search was made lor
tons which might nullify the sadesirable effects of phosphats.
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Phosphate and Tin

A freshly prepared sample of SP-90 containing 1.0 mg/1 of phosphate and 3.0 mg/
of tin exhibited high starting activity and high silver loss. Also, In the latter parts of the
run inhibition was ohserved. These effects were slighily more pronounced than those
observed for a sample containing 5.0 mg/) of tin slome. A strict comparison o the
hehavior of the two samples was difficult becsuse of the aging phenomenon éxhiviwd by
peroxide samples containing tin, The aging effect was also observed (7r the tin-phosphate
combinstion, Figur~n 10 and 11 indicate that the aging rate was falrly rapid. The net
effect was that the behavior of SP-90 containing phosphate and tin had returned tu that of
the stock material within 24 hourn after addition of the .onc.

Phosphate and Aluminum

When both aluminum and phosphate were added to SP-90, the sample reacted in & way
intermediate between that of SP-J0 plus sluminum and SP-9) plus phosphate. The concen-
trations chosen for study were 0.3 mg/l of sluminum since thia affords the maximum infiy-
ence attained by thia element and 1.0 mg/l of phoaphaie because even this low concentration
is higher than desirable. It can be aeen in Pig. 12 that the effect of 0.5 mg/1 of aluminum
on the starting decompoaition rate of SP-90 wap groater than that of 1.0 mgA of phoaphate.
The acti' ity of s sample contuining bot" tell in Detwrwn. The magnitude of thelr effecta an
the catulyst loss for SP.90 is shown in Pig. 13. The influence of 1.0 mg/l of phoaphate
was greater than 0.3 mg/1 of aluminum in this case dut th» combination of the two again
foll in the intermediate ares. The sampie containiag aluminum and phosphate continued
to give the same decomposition pheaomena after fonr days and it was assumed that no
further reaction occurred between these two ions after the initisl mixing.
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Fig. 12 - Effect of additives en the decomposition rate of SP-%

{£.0-crm iengil. of 0.020-iach sllver wire catalyst, 30-ml sampls
at 60°C)
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Fig. 13 - Effect of additives om the silver loss
of SP-90 (2.0-cmiength of 0.020-inch silver
wire catalyst, 50-ml sample at 60*C)

Tin and Aluminum

When 3.0 mgANt of tin and 0.5 mg/l of aluminum were added to BP-90, the silver '~as
and the starting activity were increased relative %o that of the stock peroxide. The siiver
lous was lesa than that for tin alone but greater thas that for 0.5 mg/l of elumiswm, * w
starting activity waa considerably 1e0s than that of SP-90 contataing either clement. The
aging patters for thie tin-aluminom preperation was iaconsistent. When tested after four
days, it was found that the silver loss and activity had decreased appreciably and were
approaching SP-90 in theee recpects. A reversal in aging seemed (o occur after this
initial decrense aince the catalyst loss and starting activity after eleven days were greater
than those observed for the wnaged sample. Little change occurred s sa additional eix
dayn. Since the overall effect was not sturtling, the study was not pursued further.

Phoaphate, Tia, and Alumtinew

When a fresh sample contataing 1.0 mg/ of phoaphate, 5.0 mg/1 of tin, and 0.5 mgA
of aluminum was tested in e static evaluator, a catalyst loss fowr times that for SP-90
was found. This decreanad slowly with time so that after 36 days the catalyst loss was
three times that for the undoctored peroxide. The starting activity for a ‘resh sample was
stightly higher thaa that for SP-90 but this also decreased with age and diftered little from
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SP-90 after standing for 18 days. The cstalytic activity appeared (0 become somewhat
inhibited by this sample when the peraxide concentration dropped to about 75%. Hence
the decomposition rats was quite low sl concentrations less than this. Aging for 28 dayn
shifted this inhibition point to about TO concentration.

Other Additives

Some runs were made with a still more complex syst»m. Five mg/l of nitrale and
five mg/l of sulfste were included in the additive mixt.re coutatni g the phosphate, tin,
and aluminam  The behavior of the unaged material containing the five contaminarta was
very clode to that of SP-90 with only Al, Sn, and PO, added. The auifate and nitrate did
not greatly affect the aging phenomy_.on either, although the change in starting activity
did not show the trend {ound for the sluminum-tin-phcaphate combination

Search for a Phosphate Neutraliser

The serious crasequerces of phosphate ~ontamination on the siiver catalysed decom-
position of hydrrgnn peroxids stimulated efforts to {ind 8 means of counteracting this fon.
Adjnatment of ‘ry pH tv & higher value controlled the influence of phosphate but adversely
affected the - abllity of the peroxide. Addition of stannate seemed to purtially nulilfy the
effects of phoaphate ion if a short aging pericd was permitted after the mixing. Aluminum
was tound to partially block phosphate in that it reduced the a!lver loas due to this anion,
It was hoped that a materiat might be found which would remove or tie up phuaphate yet
not participate in or alter the catalytic decomposition. Obviousaly, a requirement for such
a material would be that it must not decrease the stadility of peroxide.

The poasibility that phosphate would form s salt which was twsoluble in 90% hydrogen
peronide seemed to be a promising approach. The ability of aluminum to counteract
phosphate might be due to the formation of alvminum phosphate which could have low
solubllity in peroxide. The solubility of phosphats salts in water was used as the criterion
for selection of cations for these experiments. Siace m. mt heidvy metais and transition
metals are good catalysts for psroxide decomposition, their ions were not consider~d. The
nevtralizing capabilities of aluminum, the most promising of the Group [l elements,
wore roportad above. Thus the choice narrowed dows to the slkall and alkaline earth
metals. Only lithium of the Group | elements has 2 slightly soluble phosphate while all
the Group 1 elements form phocphates which have a low solubility in water. On this basis,
dilute solutions of lithium, magnesium, calclum, or barium salts were added to SP-90 and
tested ln the static evalvator. Table 3 shows that these lom were essentially inert as {ar
as the catalytic decomposition behavior of SP-90 was concerned.

When 1.0 mg/1 of phosphate was also present along with one of thene cations in SP-90,
the typical behavior of the phosphate manifestad tself as Is seen in Table 4. The catalyst
elficiency, as expected, wa: s "mewhat greater than that for 1 0 mg/t A phoaphate slone
but still conaiderably less than that for undoctored SP-90. Ia thes: studies the concen-
tration of the cation was present in excess, heuce further addition would not be expected
to improve this situation significantly uniess quite high concentrations of these ssits were
permissibie. It is seen in Table ¢ that with (he exception of the barium sample the catalyst
sificiency {or thess samples remiined the same or decreased with age. The desirable
incresse sxhibiled by the barium sample was clouded Dy the fact that inhibition of the
catalyst occurred when the peroxide conceniration dropped to abo it 80%. These cations,
which failed to alter the decomposition rate of SP-90 when present slons, combine ) with
phoaphate to increase the starting activity. This activity was increased still more when
the aged samples were usad,

CONPIDENTIAL




T et o e v—yY

1M NAVAL RESEARCH LASCRATORY CONFIDENTIAL

TABLE 3
Catalytie Decomposition Phenomena for
SP-90 Containtng Added Cations

r\.oncentnuon of Cation Catulyst Efficiency® Starting Rate

Catun. . wiaed {mg /1) (cu 1t of O, /g of silver lost} | (ml o O, /min)
None 73 64
Lithium 1.0 (1] L)}
Calctum 1.0 58 *
Barium S.0 30 ]
Magnesium 1.0 37 (] ]

.l.o-cm length of an 0.020-inch milver wirs catalyst in 50-rnl of 90% hydrogen
perosxide al 60°C

TABLE 4
Catalytic Decomposition Phesomena for SP-90
Containing 1.0 mg/ of Phoaphate Plus Added Cations

Catton Added Comcentration of Cation | Age Catalyst Efficlency® Starting Rate
ation (mgN) @ays) [ (cu 1t ot O, /g of sliver loat) | (m] of Oy /min)
— = —— |
None 0 14 198
Lithtum 1.0 1 12 198
1.0 S 14 T
Barium $.0 (] 18 101
LX) ] n 383
Catclum 1.0 0 n 429
3 21 408
Mzgnesium 1.0 (] t 388
4 18 488

*2.0-cm length of an 0.020-inch silver wire catalyst in 50-ml of *0% hydrogen
peroxide at 60°C
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DISCUSSION

The informati m presented in the preceding sections shows that the liquid phase decom-
position of hydrogen peroxide on silver is a very sensitive phenomenon. The behavior of
SP-90 can be altered greatly by the addition of minute amounts of certalr inorganic ton,
yet it is immune to other ions. The decomposition rate fur SP-90 increases an the peroxide
concentration decreases and alsu as the sample {euiperature is lowered. In order to under-
stand these and other phenomena, a detalled mechanism for the catalytic decomposition of
hydrogen peroxide is necessary. Although much is availabie in the literature concerning
the decomposition of peroxide by homogeneous catalyst, studiesn on the kinctics of heteroge -
necus catalysis are lew in number 1nd limited in scope (19). Any proposed mechanism
must thus be composed [Tom conjecture and analogy.

The increase in the decomposition rate of hydrbgen peroxide as the concentration
decreases nas also been observed by Smith and Beard (16). They pruposed that this s due
10 a vapor snvelope which surrourds the catalyst at high perrxide concentrations. 1a their
concept. they considsr that the heat release for the decomposition of high strengih peraxide
heats the silver wire to a temperature higher than the boiling point of peroxide. Liquid
approaching the hot wire s vaporized. The film resulting functions as a ™arrier for the
trans1>. of heat from the wire to the bulk of the liquid and for the transfer of peroxide
from the liguid to the catalyst. This i{s analogous to the film boiling phenomena assoclated
with a liquid on a very hot solid (20). Under such conditions the heat trans er rate from
the salid to tre liquid is low because a tiim of evaporated liquid forms and insulates the
solid. When the liquid-solid temperature differential is less, the 1~ .8 not continuous
and the liquid makes more intimate contact with the solid hence there is a greater transfer
of heat.

The effectiveness of the vapor barrier in the peroxide-silver system would depend
somewhat on the peroxide concentration. As the concentration drops there would be 2
greater number of {ncrt water molecules to interfere with the efficiency of the catalyst
and more of the neat of resction would go into the vaporization of the wate=. Therefore,
the wire temperature should {al! and the gas fiim become less resirictive o un pro-
gresses. The incressing costact between the liquid and wire which wcild resuit explains
the increasing decompositicn rate observed. Smith and Beard showed that the catalyst
temperature can rer.ch a value above the boiling point of peroxide and that this temper-
ature decreases to the bolling point as the peroxide concentration decreases.

The increase found in the present study for the decomposition rate as the peroxide
temperature was lowered is 2180 explained on the basis of the vapor barrier. At the higher
sample temperatures, the liquid approaching the silver catalyst would not absorb s much
heat in being rained to the bolling point and thus a more extensive gas film would be formed
to interfere with the effectiveness of the catalyst.

The silver which is lost by the catulyst during the decomposition of high strength
hydrogen peraxide increases the conductivity and the apparent pH of the peroxide (21).
This indicates that the catalyst goes iato solution as fonfe siiver and that hydroxyl or
peraydroxyl ioms are formed. The comtinucus strippiang of siiver lona from lhe surface
menns that the catalyst itself undargoes a marked change during the peroxide decompo-
sition. Although the catalyst used in these studies loses a significant percentage of its
wmmmu-olmludum-m”tlb:dlummmlolu-
tion is abowt 10,000. This ratio rematina {airly constsat for any particular sample as the
peroxiie coacestration decreasss. Ii is thereiore possitie that the resctiom of silver with
hydrogen peraxide is the initiating step of a chain reaction. The picture visualised is one
in which a hydroxyl radical i1s produced in this step, similar to the electron transfer stcp
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suggesied by Weiss for peronide decomposition on 2 het:rogeneous cataiyst (33). The
cha'n propagating steps are considered to be thuge two (requently poetulated tor peroxide
decompnaition in which perhydroxyl and hydroxyl radicals are produced (19). A conven-
tiona! combination of two free radicals is proposed as a posaible termination step.

An riternate mechanism to considar is the reversible oxidation-reduction sequence
for silver. In such a system, peraxide Junctions as an axidizing agent with atomic silver
and an a reducing agent with lontc silver. The net effect ia an unchanged catalyst and the
formation of water and oxygen. Baxendale discusses the participation of ferrous and
ferric tons in the homogeneous decompsition of hydrogen peroxide by Lrou salts (23). He
has concluded on the basis of ainetic studies at very low peraxide concentrations that both
iona can play important roles in the decompousition of hydrogen peroxide. A mechanism of
this type involving atomic and divalent silver has been set forth by Wentworth (18). Such
a scheme requires (hat sach ailver atom at the surface of the catalyst undergo a complele
redax cycle in five microseconds to account for the observed activity In the studies reported
here. A mechanism requiring the performance of thia complex behavior in such a short
time is not as attractive as the chain mechanism presented first.

In an effort to tie the preceding thougt:te together, a poasible mechanism is presented
for the silver catalyzed liquid phase decompsoition of hydrogen peronide:

A. R0, (bulk liquid) —= N, 0, (silver surface)
B. R0, + Ag —= Ag* + ON~+UN® (chain Inttisting step)

Cl. OH® + H,0, —= OOR® + B,0

(chain propagating
C2. OON® + 1,0, —= OR® + H,0 + O, steps)
D. of® » OOR® —= R, 0 + O (chain terminating step).

Step A is s diffusion process which becomes 8 limiting factor when & vapor barrier
surrounds the catalyst. The attack of peroxide om metsllic siiver produces a free hydroxyl
radical in reaction B. This species abstracts a hydrogen from a mo.ecule of paro=ide as
shown in step C1. It is proposed that the perhpdroxyt radical thus formed continues the
chatn in step C2 by reacting with additional peroxide to produce a new hypdroxyt radicel.
The abundance of peroxide molecules mnkes the repetition of reactions C1 and C2 very
probable. The length of this chain should be long at Aigh peronide concentrations but
could be terminated by the occasional collision of two free radicals. The latter might be
a reaction such ag that {llostrated in step D.

An examinatios of the ~ole of additives is now tn order. 1 has been seen that tin,
phaaphats, and aluminom greatly incronse the atarting activity of SP-90 sithough they do
not increase the mam:muem rite sttatned 12 a rua. Smith and Beard cbeerved this phenom-
ena for stannate and alumisam (1€). They suggested that these materials, which form
collioidal solutions, were lunctioning 10 disrupt the vapor barrier thus aliowing a higher
rate of reaction between peroxide and the cetalyst. Thelir proposal seems to be reasonable
and a resuit of this would be that the rate of step A would be accelerated. The Aegree of
this acceleration should iacrease with the concentration of additive. This was found to be
true experimentaily st low concentrations of tin and sluminem, but the starting activity
=2z not further increassd 5y sdditions abovs cortala amoumts. This ®ight be explained
if it is ansumed that, in the aboence of & vapor berrier, the rate for step B of the mech-
anism is slower than the rate for step A,
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Phosphate probably remains in the ionic atate in peroxide and its ability to increase
the <tarting activity in conaldervd @ Te50 of 2 wechanism not -xhibited by tin or alum-
inum. Nonethelrce {t |& thought that phosphate 15 active al the liquid-solid interface and
is capable of disrupting the gas fiim in itx own way.

It should be noted that t* - film bolling phenomenon referred Lo earlier is sensitive
to *he type and condition of th hot surface. Akin and McAdams observed that {lim boiling
began at 3 higher liquid-snild .>mpersture differential when a steel tube was covered with
Scale (24). ‘The effect of Interfacial tencions on heat transfer has been discussed by Larson
(25). His theoretical considerations show that both the solid-liquid interiaciai tension and
the liquid- vapor tenvion would laflnence the heat transfer. It would be reasonable to sup-
pose that the precence of phosphate could materially affect both the liquid-solid and liquid-
vapor interfacial tenifons and thus influence the rate of heat transfer in the system. Thie
In turn conid readily affect the starting activity. However, it is dUficuit to rationalize why
tils behavior should be limited to phosphate ard not be exhibited by other anlonic species
such as sulfate or nitrate.

The decomposition efficiency of & silver catalyst was decreased {f aluminum, tin, or
phosphate were added to 3P-80. Thus the volume of oxygen produced per milligram 2f
sllver dissolved decreased if any of these materials was present. The observationt on
the effects of tin were not amenable to quantiiative evaluation because of the rapid aging
exhibited by stannate in peroxide. The magnitude of the influence of aluminum on this
oxygen-to-silver ratio was dependent upon its concentration. When a definite concen-
tration was exceeded, no additions) decrease was found. The pattern of increase In the
silver loss was similar to the increase Il stariing activity for 8P-90 to which aluminum
was added, This 2ould indicate that sluminum aftects both of theee properties at the same
place in the decomposition mechanism. At beat this conjectur I highly speculative,

The efficiency of the silver catzly=t was sharply reéduced by phosphate. This is illus-
trated in Table 5 where the mumber of malczules of oxygen evoived per atom of silver going
into solution is lis‘ed for variou: phorphete concentrations. Hence, even thov.s: i was
aeen in Fig. 8 tha! the atarting :ate for SP-90 «xhibited a reversa! at 2.0 mg /L of phosphate,
the silver loss based on the volume of oxygea continues to rise. [t is proposad thet,
although the phosphate probmbly incretaes the starting rate by dis) pting the vaper barrier
around the catalyst, this anion influences some of the reactions in L ¢ deco'nposition proc-
ess. In the model mechanism proposed earlier, & decrease in the rate of staps C or an
increase in the rats of step D would decrease the ratio of the rates of the chaln propaga:-
ing to chain terminating steps. The net effect would be that which was found experimentally.
However, it 18 alac possib! e that the rhosphate could introduce a different chain termin-
ating step so that again the ratios of the rates would be diminished giving the same overall
eoffect.

' The experimental results were gives for the samples containing two or more additives.

It is noteworthy that tin, whick is innocuous af*sr a period of aging, can effectively counter-
act phosphate contamination, Alumimum ia also sseful in tying up phosphate but falls short
of stannate in this respect. The chemistry of thase interactions has not been studied and
what mechanisms have been suggested are 100 speculative to be considered here. The three-
additive sad five-additive systems studied are probably too complex to evaluaile 2ven qual-
itatively at present.

The “crash program® om hydrogen peroxide which has been sponsored by the Buresu
of Aeronsutics included the comparizon of laboralory evaluaiors with ench other and with
rocke! engines. The two evaluatora utilized in this cooperative program were the NRL
static evalurtor described in this report and a low pressure flow syatem developed by
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TABLE §

Effect of Phosphate on the Elficlency
of a Stiver Catalyst®

CONFIDENTIAL

Phosphate Concentration | Molecules of Oxygen Evolved

(mgAN) per Atom of Zllver Dissolved
0.0 9900
0.0 719
0.25 4500
0.% 4000
0.7 3200
1.0 1900
2.0 700
30 300
4.0 200

‘2 .0-cm length ¢ an 0,020-inch silver wire catalyst
in a 50-ml sampi> - 90% hydrogen peroxide at 50°C

@&

Becco. Both aystems were designed to study the liquid phase decompoaition of peroxide on
a catalyst at atmospheric pressure. The static evaluator was used (a the studies at this
Laboratory while Becco, Reaction Motors, and the Naval Air Rocket Test Station wade
their tests with Becco low pressure evaluators.

‘Table § lists data from these four establishments ‘or samples with the same concen-
trations of additives and 2 {ine siiver catalyst (17). It is seen that the cataly~t efficiency
for any one sample was of the same order of mag..tude at the four laboratories. Further-
morae, the deciine in efficiency as the phosphate concer'ration incresnes was generally the
same. [t is concluded that the simple static evaluator can give relisble results when only
th= comparison of the liquid phase decomposition of peroxide nampie Is of primary concern,
On the other hand, the low pressure evaluator is a valuable tool for assessing the quality
¢! plated acreen cataiysts for engine appilcations.

The laloratory evaluators can give indications cuncerning the engine bshavior of
peroxide samples containing certain contaminants. The best exnmple of this Is the phos-
phats ion which greatly decreases the catalyst efficiency in a laboratory test and also
shortens the bed life of a rocket engine catalyst. Tia appears to exert ao effect in both
systems if aged samples are considered. There is some evidence that nitrate may give
trouble in sn engine if 13 conceniration is 10 mg /i or higher. The isboruiory issts indi-
cated that a concentration nf at lesst 20 mg/ could be tolerated. Clear-cut differences
between laborstory experiments and motor tests were found {or samples containing
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TABLE ¢
Cumparison of Catalyet Efficieacies for Silver
Obtained at Varlous Laboratorles
[Cubic Feet of Evolved per Gram of Silver Lost
SAMPLE ﬁriw Pressure Cvalualor
NRL NART3 | RMI BECCO

SP-90 T3 85 7 58
SP-90 + 0.1 mg/l of PO, 62 - - 40
8SP-90 + 0.2% mg/1 ¢t PO, 38 -- -- 32
8P-20 + 0.5 mg/t of PO, 8 -- -- 28
SP-90 + 1.0 mgA of PO, 18 19 18 23
SP-90 + 2.0 mg/I1 of PO, ] 14 10 -
SP-90 + 4.0 mg/1 of PO, 2 -- 0.3 --
SP-90 + 0.23 mg/1 of Al 39 .- - --
SP-80 + 0.5 mg/1 of Al 24 - 25 27
SP-90 + 1.0 mgAN of Al 20 18 3 --
SP-90 + 2.0 mgA of Al 22 30 23 .-
SP-90 + 5.0 mgA of Al 20 32 .- --
SP-90 + 10.0 mg/l of NO, 73 ~65 64 a3
SP-90 + 10.0 mgA of SO, 80 L )

aluminum or sulfate. Aluminum in a concentration of 0.3 mg/1 did not affect motor per-
formance but it did cut the catalyst efficiency ia the liguid phase decomposnition studies.
The story was reversed when tho contaminant was sulfate. The laboratory runs gave so
changw {rom the performance of SP-90 but 3.33 mg/l of sulfate wes the limit for satis-
factory engine operation.

It thus appears that the presently used laboratory evaluators will sot always predict
the behavinr of a peroxide sample in & rocket engine. Since these systems examine only
the 1tquid phase part of the decomposition, it seems reasonsbie to expect other factors to
pisy some nart in the high-temperature portion of a catalyst bed. For instance. the detri-
mental effect of sulfate appears io be & physical one in which the kigh-temperature part
of the catalyst bed becomes plugged with a whiie flcfty depoait of sodium rulfate. In the
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laboratory evatuatora the sullate stays in solution because excess liquid iz avaiindie dui
in the ¢ 'gine the solvent is decomposed and evaporated leaving the sulfate salt behind on
the catalyst bed. This particular salt accumulates tn the bed since it is stable at the tem-
peratures involved ani apparently is able to adhere to the catalyst. Other deposits which
are decomposed by the high temperature or do not stick to the bed are swept out.

The difficuities associated with phosphate contamination can be traced 25 it= ability
to increase Uw wolution rate of silver la peroxide. The screens are stripped of their cala-
tyst in a shorter time than rormal. U the silver is carried all the way Into the rocket
exhaust. the catalyst ‘will bacome depleted more rapidly and eventually incomplete decom-
position of the peroxide wilt be the result. It has also been found ia many cases thai the
silver remains in the hed as a deposit In the lower sections. Prictional forces butld up
in such circmatances and decrease the {low rate. In elther event, the effect of phosphute

Is highly del sterious.

The redeponition «f silver on the catalyst bed may be as amall purticles or as a thicker
plate on t* ¢ Jrwmatream screens. Such behavior is similar to thai found in the laboratory
tents when 'he siiver reprecipitated as the peroxide concentration decreased.

SUMMARY

The decomponition of high purity #0% hydrogen peroxide on » silver catalyst was found
to be sensilive to certaln inorganic contaminants. The rate of decomposition and the cata-
lyst loss were alterevi by minu‘e amounts of phosphate, stannate, or aluminum fons but
were immune to sulfite and aitrate ions in the peraxide solution. The effect of tin was
subject to aging 30 taat its inflluence was segligible one day after it was added to the sam-
ple. Aluminum incensed the starting activity of the silver catalyst as well as its solution
rate. These effects were cheerved at conceatrations of alumirum below 0.5 mg/l but were
not increased by raising the sluminum concentration above this valwe. The increased
silver loss due tu the prasence of alumisum was moderate. Whea phosphate ion was added
to hydrogen peroxide, the activity was increased. With concesntrations above 2 mgA, an
inhibiting reaction masked this increase and the decomposition rate became slow. Phos-
phate sharply magaified the amount of silver that dissolved in the peraxide sample The
catalyst efficiency was cut by s factor of 50 at a phosphate concentration of 4.0 mgA.
Attempta to control the undesirable iafllwence of phosphate showed that addition of tin was
effective in nullifying the abnormalities due to the phosphate, Addition of alumisuwm fons
or adius'ment of the sppareat plil to kigher valves are leas satis{actory means of partially
counteracting the effects of phosphate. [

The NRL static evalvator gave catalyst efficiencies comparable to those found for
similar hydrogen peroxide samples ia the flow apparatus developed by Becco. Some agree-
ment was aleo found betweea this laboratory study and rocket engine tests. The major
diacrepancy between these two was found for sampiles containing sulfate fon. Ia the evalu-
ator, the sulfste salt remains in solution and does not affect the catalyst. In the engine
the peraxide is completely changed to guseous products and the sulfate salt is deposited
in the cata'yat bed, thereby cavaing decreased flow rates of propeliant.
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APPENDIX
[Unclassified]

DETERMINATION OF INORGANIC MATERIALS
IN HYDROGEN PEROXIDE

In studies of the phenomena associated with the catalytinr decomposnition of hydrogen
peroxide it Is often necessary to have reiiable analytical methods for . ~termining the con-
centrations of those ions which affect the catalytic behavior so markediy. The concentra-
tions of interest are low and the standard volumetric or gravimetric procedures of analysis
are Impractical. Colorimetric methods which have high sensitivitiea were found to be use-
ful for phosphate. sluminum, nitrate, and tin. Turbidimetric and nephelomnetric methods
are widely used to determine low concentrations of suifate in squeous solutions. Although
such methods were the best available, they are stil! act too good because the farmation of
the berium sulfawe precipitate is sensitive to a variety of factors.

Analyses for any of the ions require that the peroxide be decomposed {irst since it
interferes with the formation ¢! precipitates or color. In some meihods, peroxide reacta
with the organic reagents used, producing undesirable colora. The normal peroxide
removal method involves a combination evaporation-decomposition procedure on a steam
bath. If permissible, the sumple is made alkaline to accelerate the decomposition rate.

In the prewent study It was found convenient to use the Lumetron Photoelectric Color -
Imeter, Mode! 402-E, for a1l of the analyses. Its sensitivity was acceptable and its design
permits the determination of sulfate by the shifting-cuvetie procedure. The latter is more
sengitive than the turbidimetric method. Burettes were used ¢ add some of the reagents
since the concentration of many of them must be carefully controtled. The various analyses
are treated separately below.

PROSPHATE

Place 10.0 mi of hydrogen peroxide tn a 100-ml Vycor eraporating dish, Add about
1 ml of 0.1N sodium hydroxide, atir, cover with ¢ "Speedy -Vap,“and evaporate 10 dryness
on » “team bath. Wash down the dish and cover with water and again evaporats. Acidify
with 2.03N sulfuric acid (about 3 ml is suflficlent t0 aeutralise the sodium hydroxide and
ensure adeqaate acidity) and warm for 30 minutes on a steam bath. Transfer with wash.
i: ;o to a 80-ml volumetric flask, dilute to 40 mi, and add successively {rom burettes
1.0 ml of 1.5% ammonium molybdate tn 10N sulferic ocid and 1.0 ml of 0.5% stannous
chiaride in 0.3N hydrochloric acid. Pill to the mark and measure percent tranamittance
in a 50-mm cell with a photelectric colorimeter at 080 millimicrona 10 to 20 minutes after
{inal mixing. Determine the phosphate concentrationa from s calibration curve.

Nosp - The {inal concentration of the reagents, the pll of the {inal solution. and the
length of development time are critical ia the “molybdenum bive” method lor phosphate.®
The residue from the evaporation step is hexted with sulfuric acid to convert any pyro-
paosphate to orthophosphate. The stasnou, chloride reageat should be Jrepared the same
day it s ueed. U a stronger reagent 3N (a hydrochloric scid is prepared, a portion of

this muy be diluied i:10 for uss every day. This will sfford consistent resulte,

»
N.L.. Allport, "Colorimetric Analysis,” London:Chapman and Hall, 1947, p. 159
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L LUMINUM

Place 10.0 ml of hydrogen peroxide and about 1 mi of 0.1N sulfuric acid ir a Vycor
evaporation dish. Mix, cover with a Speedr-Vap, and evaporate on a steam bath. Wash
d wn the dian and cover with distilled water and again evaporate. Take up In water and
transfer to a 50-mi volumetric flask, heeping the volume of washings amail. Add one drop
of phenociphthalein und make just alksline by the a&iition of 8% sodium hydroxide solution.
Neutraliss the solution with ZN hydrochioric acld and add, from a burette, 2.0 mi In excess.
Add 5.0 ml of 25% ammonium acetate, 1.0 ml of 1% thioglycollic acid, and 3.0 mi of 0.1%
aluminon reagent from burettes. Make up the volume tc just below the mark, immerse the
flank in a thermnatat at 30°C for 40 mimutes, cool to room temperature, and ajust the
volume to 30-mi. Measure the percent tramamittance In a 30-mm csll at 515 mililmicrons,
Reting » blan’: containing the same quaatities of reagents at 100), tranamittance. Read
the aluminum concentration {rom a calibration curve.

Notg - The determination o alumiswm in peroxide with siuminon reagent was devel-
oped by Walkden, Austing, and Cottetl.® This was used as 2 basis for the analytical method
usned at this Laboratory. The alumisca resgest was “wepared by the sethod recommended
hy Snell and Snell.! The sampiing procedure is lmporwant for aluminum aince samples
itored in aluminum drums {requently have an alumisum oxide sediment. The color davel-
cmrent depeads on the pH aad the dye conceatration, hence the rescents were asdded with
Larettes.

NITRATE

Place 10.0 m! of Aydrogea psroxide and sbout 1 mi of 0.1N sodtum hydroxide in 2
100-m| Vycor evaporating dish. Mix, cover with a Speedy -Vap, snd evaporate (o drysess
on a steam bath. Waah down the dish snd cover with distilied waier and evaporats. Repeat
the washing ssd evaporation steps. Cool 0 room temperatare waand add | w! of phesol disvl-
tonic acid. Allow to stand 20 misutes, thes trassfer contents and washings 40 a $0-ml
volumetric flask. Pill to about 30 mi, then wake alkaline by dropwise addition of concen-
trated ammonia. Dilete 10 the mark, miz thoroughly. cool, place ia a 50-mm cell, and
read the percent transmittance at 430 millimicross. It may be nscessary o use a blank
for 1004 'ransmittasce since some batches of the reagest are slightly tan in alksline
solution. The nitrate conceatration is determined by reference to a callbrations curve.

Note - The attration of phenol diselfonic acid s anhydrous conditions gives a aitro
compound which has a yellow color ia alkaline solwtion. I ‘The reagent ia very sensitive
o oxtdation. A drop of 1% hydrogen peromiie olution will produce 8 browa or black color
when in contact with this phenol. Thus, every trace of peroxide must be decomposed and
the sample must be shisided Irom perozide vapors during the aitration step. The phenol
disulfonic scid reagent waa cbtained commerciaily but the isomer preseni in the reagent
wan aot specified.

*y. Walkden, C. E. Austing, and V.. Cottel], “Determination of Aluminum ia Mydrogen
Peroxide,” Grest Britain, Casmical (nspectorate, Ministry of Supply, Report Cl/Memo. \
{Unclassified), 1951

Y. D.Snsliand €. T, 8ne |, "Calorimetric Mathads of Analy .,” New York:Van Nostrand,
1948, p. 248

’N. F. Allport, op. cite,, p. 148
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TIN

Place 10.0 ml of hydrogen peroxide tn a 100-mil Vycor evaporating diah. Add 1 m!
of 0.1N sodium hydroxide, stir, cover with & Speedy-Vap, and put on steam bath. Evaporate
to dryness. wash down the dish, and cove: with distitied water and agsin evaporate. Cool,
add 3.0 ml of 5N sulfuric acid and then S drops of thioglycolic acid. Transfer with washings
to » 30.ml volumetric fiask and dilute to about 43 mi. Add I drops of Santomerse & and
mix. Then add | ml of dithiol reagent and agaln mix. Add 8 more drops of Santomerse 8,
mix, dilute to mork, and re-mix. Place in 2 30-mm cell and read percent transmittance
18 8 enlorimeter at 350 millimicrons as compared with a blank set at 1007 tranamittance,
Determine the tin concentration from a calibration curve constructed (rom data for stand-
ard stannous chloride samples,

Note - The method for tin is a modification of the one developed by Farnaworth and
Pekola.* If catalytic decomposition on platinum in sulfuric acid is used to remove the
peroxide, a yellow colur (requently intesf{eres with the desirad plik tist. This yellow color
was not observed when alkaline decomposition was vaed, hence thia method of reducing
the peroxide was used. The Farnsworth- Pekola method recommenda a {inal concentration
of 1.2M in sulfuric acid. Such an scidity was found to decrease the nolubility of the dispers-
ing agent and turbidity was encountered om occasior. A comcentration of 0.5N sulfuric acid
was found to be suitable. The Santomerse S was used as received from Mossanto. The
dithiol (toluene-3.4-dithiol) reagent la prepared by weighing 0.15 g of dithiol into a 100-mt
beakor, adding 8 drops nf thioglycolic acid, and then adding 30 ml of 2% sodium hydroxide.
The mixture is atirred until the dithiol 19 completely dinsolved. The solution is stable
for one week \f stored In a refrigerator.

SULFATE

Place 25.0 ml of hydrogen pe.oxtde tn a 100-m| Vycor evaporating dish, cover with a
Speedy-Vap, and evaporate to dryness on a steem bath. Warm the residve with 1.0 ml of
0.05N hydrochloric actd and transfer this with distilled water washings to a 30-m! volu-
metric flask. Till to ¢.e mark and mix thoroughly. Pmr into ¢ 30-mm cuvette and stir
moderately as 2.0 m! of 107 barium chloride is added. Continue atirring for 1 minute,
then allow sample lo stacd 10 minutes. Measure the percent tranamittance at 420 milil-
microns by the shifting - cuvetts method. Calculate the sulfate concentration by reference to
to & calibration curve.

Note - The sulfate methnd was Quite erratic evea with atandard suifate samples, but
1t is recorded here in lleu of any Letter method at the time the work was done.? The
mixing conditions for the precipitation of a untform and reproducidle particle sise are
vary critical and the particles grow with age. Thersfore a rigid mixing and aging program
must be followed.

*M. Farnsworth and J. Pekola, Anal, Chem. 26:738-717 (1954)

'a. N. Haslett, A Conductometric Analysis for Sulfate lon in Hydrogen Peroxide,”
NRL Memorandum Report 717 (Unclaesified), June 1937
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